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SPECIFICATION 

1. TITLE OF THE INVENTION 

METHOD OF MANUFACTURING A SEMICONDUCTOR DEVICE 

2. SCOPE OF PATENT CLAIMS 

1. A method of manufacturing a semiconductor device 
including a substrate or a first electrode on the substrate; a non-single 
crystal semiconductor having at least one PIN junction on the said 
electrode; and a second electrode on the said semiconductor, 
characterized in that in a process before or after the said first or second 
translucent electrode is formed, the crystallization of an interface 
between the said electrodes and the said semiconductor, or the 
crystallization of the semiconductor in the vicinity of the interface is 
promoted by irradiation of a light 500 nm or less in wavelength. 

2. A method of manufacturing a semiconductor device as 
claimed in claim 1, characterized in that the substrate to which a light is 
irradiated is light-annealed at a room temperature or particularly 
without providing heating means. 

3. A method of manufacturing a semiconductor device as 
claimed in claim 1, characterized in that the irradiation of light is made 
by an ultra-high vacuum mercury lamp. 

3. DETAILED DESCRIPTION OF THE INVENTION 
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The present invention relates to a method of manufacturing 
a semiconductor device having at least one PIN junction. 

The present invention has an object of promoting the 
crystallization of semiconductor on an interface between an electrode 
and a semiconductor or in the vicinity of the interface by conducting 
light annealing irradiating an intense light of a short wavelength 500 
nm or less after a PIN junction is formed on a first electrode by a non- 
single crystal semiconductor to which hydrogen or fluorine is added and 
a back-surface electrode (second electrode) is formed, or before the 
translucent electrode is formed. 

The present invention is characterized in that a 
crystallization promotion region (hereinafter, referred to as "a region 
which is poly-crystallized or mono-crystallized by light annealing, that 
is, a poly-crystallized region") is provided inside of an I- layer from the 
PI or NI junction interface so that the conductive junction interface, that 
is, PI junction or NI junction interface (hereinafter referred to as 
"junction interface") is made different from crystallographically 
homologous interface (hereinafter referred to as "crystal interface"), and 
the most sensitive junction interface in electric conduction is regarded 
as the same crystal homologically, and the density of the re-combination 
center in the vicinity of the junction interface is reduced. 

According to the present invention, photoelectric conversion 
is made by the large light absorption characteristic of non-single crystal 
semiconductor which is low in crystallization degree including 
amorphous inside of the I-layer, and a poly-crystallization region is 
provided on a junction interface of PI junction or NI junction (including 
both junctions, respectively) or in the vicinity of the junction interface, 
whereby mis-fitting is reduced on the interface, and the re-combination 
center of carriers on the junction interface is reduced. 
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Further, in particular, the light absorption coefficient of the P 
or N type semiconductor layer at a side to which a light is inputted and 
the N or P type semiconductor layer per se at a side where an incident 
light is reflected by a back-surface electrode is reduced, to thereby 
reduce light loss in this portion. 

The present invention is further characterized in that in 
order to promote poly-crystallization by light annealing, oxygen or 
nitrogen which has been generally known as amorphous promoting 
agent is contained with the appropriate concentration of 5 x 1018 cm- 3 
or less, preferably, the concentration of 1 x 1CM 8 cm- 3 or less in an 
amorphous or low crystallization region on or inside of a crystal 
interface in semiconductor. 

Hereinafter, the embodiments of the present invention will 
be described with reference to the drawings. 

Fig. 1 shows the outline of a manufacturing device used in 
manufacture of a semiconductor device in accordance with the present 
invention. 

In the figure, to a reaction system (20) (an effective reaction 
space (25) 60 cm x 60 cm x 30 cm), a heat furnace (29) using a halogen 
heater from both the lateral directions and the front and back 
directions, and substrates (1) and (V) are disposed at regular intervals 
of 6 cm (within ±0.5 cm) in contact with 20 back surfaces (10 in the 
figure). A pair of symmetric electrodes (24) and (24'), a matching 
transformer (31) tuned from the center, a high-frequency oscillator (32) 
(for example, 13.56 MHz), and upper and lower silica hoods (23) and 
(23') and silica holders (26) and (26') surrounding in a rectangle around 
the side periphery to enclose plasma discharge in the space (25) are 
provided, so that a symmetric plasma enclosing space where the entire 
space outside of plasma is surrounded by an insulator is provided. 
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The doping system (21) includes silane (SinH2n+2» for 
example, SiH 4 , SiiH 4 ) (32), diborane diluted with silane B2H 4 /SiH 4 , 20 
PPM (33) (for I-layer neutralization), and B 2 H 4 /SiH 4 = 1% (for P type 
semiconductor formation) (34), methyl silane for SixCi.* formation, for 
example, DMS H2Si (CH3)2 (35), phosphine diluted with silane for N type 
semiconductor (PH3/SiH 4 = 1%) (36), and hydrogen or helium (for purge) 
(37). Using these components, reactive gases necessary for the 
respective layers are introduced to the semiconductor having a PIN 
junction. 

An exhaust system (22) exhausts a gas through a control 
valve (30), a turbo molecule pump (27), a stop valve (33), and a vacuum 
pump (28). A pressure within a reaction furnace is 1 x 10- 7 torr in an 
initial state, and controlled at 0.001 to 10 torr, representatively 0.05 to 
0.2 torr by the control valve (30) at a reaction time. 

Further, the outline of a light annealing device for emitting a 
light 500 nm or less in wavelength (generally 200 to 450 nm) in the 
method of the present invention is shown in Fig. 2. 

Substrates to be irradiated (60) are indicated by (A) and (B) 
in Fig. 2, and a structure after or before an electrode (an electrode (9) in 
Fig. 2(A) and a translucent electrode of the electrode (2) in Fig. 2(B) is 
formed is used as a subject substrate in the light annealing device 
shown in Fig. 2. 

As a light source, there is used a rod-shaped extra-high 
pressure mercury lamp having an output of 500 W or more (light 
emission wavelength 200 to 650 nm). In particular, in this example, a 
Toshiba-made ultra-vacuum mercury lamp (KHM 50, output 5 KW) is 
used. That is, a power supply (50) has a primary voltage AC200V, 30A 
and a secondary voltage (52) AC4200V, 1.1 to 1.6A. Further, in order to 
suppress heating of the mercury lamp, and in order to prevent the 
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generation of heat anneal due to heating of the substrate, the outer side 
of the mercury lamp is supplied from a water cooler (51), (51'). 

The mercury lamp (54) generates a short-wavelength light 
of 300 to 450 nm, and cuts a light having a long wavelength of 500 nm 
or more by a filter (59) and condenses it by a silica lens (55). 

The mercury lamp is shaped in a rod 20 cm in length, and a 
cylindrical lens is used as the lens. Further, a shutter (56) is disposed 
before the light is sufficiently converged or between the lens and the 
mercury lamp. 

The linear ultraviolet light thus converged has a width of 
100 fx to 2 nm, and a length of 18 cm. The energy density is about 5 
KW/cm 3 (in the case where the width is 1 mm). 

The irradiation light (57) is converged on a surface to be 
irradiated and focussed. Then, the light is moved on an Xtable (61) at a 
given speed. 

Doing so, the ultraviolet rays centering 300 to 450 nm is 
almost absorbed in the non-single crystal semiconductor in the depth of 
1000 A or less, with the result that a very thin region of this surface can 
be crystallized. In addition, because the annealing according to the 
method of the present invention is light annealing, there is no case 
where hydrogen or halogen elements which have been already 
contained therein are deteriorated. Further, because crystallization is 
promoted by light annealing, there are double advantages that optical Eg 
is not decreased, and that its light absorption coefficient can be reduced. 

However, this means that the interior of the I-layer which is 
an active region is held in a state where light absorption is large, that is, 
in an amorphous or low-crystal state, so as to prevent so-called poly- 
crystallization. Conversely, it is important that a P or N type layer or an 
I layer in the vicinity of the layer in addition thereto are selectively 
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reduced in light absorption coefficient, and in addition, are poly 
crystallized in order that the density of the re-combination center on 
the junction interface is reduced. This proves that to selectively liaht- 
anneal only a portion near :ae semiconductor surface by the short- 
wavelength light is important. 

In this manner, a photoelectric conversion device shown in 
Fig. 3 is manufactured. That is. using the device of Fig. 1, as shown in 
Fig. 3(A), on a glass substrate (1) is provided a back-surface electrode 
made up of a transparent conductive film (2) having a tin oxide surface, 
a P type semiconductor of SixC : _ x (0 <x <1) (in this example, SixCi. x x = 
"D.3) is used)(3)(100 to 200 A). I type semiconductor (4) (0.5 to 1.2 N 
type micro-crystal or poly-crystallized silicon hydride semiconductor (5) 
(200 to 500 A), a translucent conductive film (CTF) (6) and a reflective 
electrode (7). 

Fig. 3(B) shows a substrate (1) having an insulating surface 
formed of a heat-resistant resin film (12) on a stainless substrate (11) 
(may be flexible), a reflective electrode (7), a CTF (6) generally mainly 
containing chromium, N type semiconductor (5), an I type 
semiconductor (4), P type semiconductor (3) and a CTF (2). 

In particular, in formation of the I type semiconductor in 
those semiconductors, according to this embodiment of the present 
invention, using a plasma CVD device or a three-chamber type multi- 
chamber CVD device obtained by developing the plasma CVD device as 
shown in Fig. 1, the contamination by impurities of oxygen and nitrogen 
is prevented, and boron is added with the concentration of 0.1 to 50 
ppm at the manufacture o: the semiconductor as the formation 
condition. 

Hereinafter, the present invention will be further described 
with reference to the specific examples. 
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Specific Example 1 

A CTF on a glass substrate has a texture structure and the 
thickness of 1000 to 2000 A by ITO and tin oxide. Further, on the CTF 
are formed P type SixCi. x (20 A in average thickness) - I type 
amorphous and low crystallization silicon (0.8 \x in average thickness) - 
N type fine-crystal silicon by the PCVD device shown in Fig. 1. 

Thereafter, a surface to be formed on the substrate 10 cm x 
10 cm is moved at the moving speed of 10 cm/min to conduct light 
annealing by the light annealing device shown in Fig. 2. The substrate 
temperature is a room temperature. The movement is conducted from 
the substrate side or the back surface side. 

In addition, the surface is immersed in 1/10 HF for about 1 
minute to remove the low-grade oxide on the N type poly-crystal 
semiconductor layer. 

Further, an ITO (6) 1050 A in average thickness and a metal 
(7) mainly containing aluminum or chromium of the reflective electrode 
are formed. 

Thereafter, the surface is heated at 150°C for 60 minutes. 

In the structure of Fig. 3(A), because a light irradiated from 
the substrate side is most absorbed by the substrate and CTF, and also 
because the P type semiconductor layer is Si x Q_ x , the P type 
semiconductor cannot be poly-crystallized. However, a part of the I 
layer on the PI interface is poly-crystallized (It is presumed that its 
thickness is 200 A or less.). 

On the other hand, because in the back-surface electrode 
region, the semiconductor (5) is exposed, and the semiconductor is 50 to 
200 A in average crystal grain diameter (led from the Shellar's 
expression by the Raman spectroscopic method), it is proved that this is 
liable to be a core of crystallization, and the N type semiconductor (5) or 
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the N type semiconductor (43) layer in the vicinity of the N type 
semiconductor are polycry stallized to have a crystal grain diameter of 
300 to 500 A according to the Raman spectroscopic method, and the 
crystal interface between the polycrystal (4) and the amorphous (42) 
exists in the interior of the I layer rather than the NI junction interface. 

The area of 1.05 cm 9 - (3.4 mm x 3 cm) provided thus within 
the substrate of 10 cm x 10 cm enables 12.3% (open voltage 0.92 V, a 
curve factor 65.2%, a short-circuiting current 20.2 mA/cm 2 ) to be 
obtained. 

If this is made on the same substrate without laser annealing 
of the method according to the present invention, 10.2% (open voltage 
0.84V, a curve factor 62.7%, a short-circuiting current 19.4 mA/cm 2 ) is 
obtained, and it is proved that the characteristic can be improved by 
about 2%. 
Specific Example 2 

This specific example has the structure shown in Fig. 3(B). 

That is, a heat-resistant organic resin (12) (polyimide resin) 
on the stainless foil (1), a reflective metal (7) (an electrode mainly 
containing chromium, about 1200 A), ITO (6) (1050 A in average 
thickness), micro-crystallized N type semiconductor (200 A in average), 
I type non-single crystal semiconductor (4) to which boron 5 x 10 * 7 cm- 
3 is added, micro-crystallized N type silicon to which hydrogen is 
injected (200 A in average), and S ix Q. x (50 A in average thickness) (3) 
are formed by the PCVD device shown in Fig. 3. 

Thereafter, the light annealing processing is conducted on 
the P type semiconductor layer using the device shown in Fig. 2. As a 
result, the micro-crystallized P type semiconductor layer and the region 
(45) of the I type semiconductor layer (43) under the P type 
semiconductor layer are structured as a poly-crystallized region, and the 
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I type semiconductor under the region (45) can remain as silicon 
semiconductor containing hydrogen of amorphous or low microcrystal. 

The crystal semiconductor (43) has the thickness of about 
800 A and can be made deeper or shallower by varying the continuous 
moving speed of the table or repeatedly conducting light annealing. 

The semiconductor thus obtained is immersed in 1/10 HF to 
remove the insulation oxide of the surface, and CTF (2) made of ITO or 
SnC>4 is formed in the thickness of 500 to 2500 A. As a result, the 
characteristic obtained as this result is conversion efficiency 11.3% 
(open voltage 0.91 V, curve factor 67%, short-circuiting current 18.5 
mA/cm 2 ) under the light irradiation condition at a room temperature 
and AMI (100 mW/cm 2 ). In the normal structure without conducting 
light annealing, the conversion efficiency is 9.6% (open voltage 0.87 V, 
curve factor 64%, short-circuiting current 17.2 mA/cm 2 ). Thus, the 
conversion efficiency can be improved by about 2%. 

In the above description, light annealing may be conducted 
through not a mercury lamp but an excimer laser with 150 to 400 nm in 
wavelength. Also, if the impurities of oxygen, carbon and nitrogen in 
the i-type semiconductor layer are further set as 5 x 10 18 cm- 3 or less, 4 
x 1017 cm-3, and 5 x 1018 cm-3, poly-crystallization is promoted, and in 
addition, in order to remove miss-fitting on the junction interface, it can 
be presumed that an improvement in the conversion efficiency by 1 to 
3% can be promoted. 

The above description is given of the photoelectric 
conversion device having one PIN junction. However, it is important to 
superimpose the photoelectric conversion device to provide at least two 
junctions such as PIN-PIN ... PIN junction as the application of the 
present invention, and also they may be integrated on a substrate 
having an insulation surface. 
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As the non-single crystal semiconductor, only Sj X Gei. x (0 <x 
<1) or Ge may be used in the I type semiconductor layer having the PIN 
junction. 

In the above description, the photoelectric conversion device 
having one PIN junction is mainly described. However, the present 
invention is also extremely effective to an insulated gate field effect 
semiconductor device in which the semiconductor layer has at least one 
NI or PI junction, that is, having N (source or drain), I (channel 
formation region), N (drain or source), PIP junction, or the I layer in a 
bipolar transistor having NIPIN, PINIP junctions. 
4.« BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the outline of a plasma gas-phase reaction 
furnace for manufacturing a semiconductor device in accordance with 
the present invention. 

Fig. 2 shows the outline of a device for conducting light 
annealing in accordance with the method of the present invention. 

Fig. 3 shows a vertical cross-sectional view of a photoelectric 
conversion device in accordance with the present invention. 
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